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Ihara's genetically epileptic rat (IGER) is the ge-
netically epileptic model, derived from an inher-
ited cataract rat. The seizure of the rat begins
with face and head myoclonus, followed by rearing
and generalized tonic clonic seizures (GTCS), all of
which are symptomatologically the same as limbic
seizure. Almost all male animals had GTCS, start-
ing from 5 months of age, and the frequency of
the seizures increased with aging (Amano et al,
Am. J. Pathol 1996, 149: 329‐336).
In the present study, the effect of anticonvul-
sants on GTCS and aggression of IGER were in-
vestigated.
Carbamazepine (50, 100, 150mg/kg, p.o.), pheno-
barbital (2, 5, 20mg/kg, i.p.) and phenytoin (20mg/
kg, p.o.) were administrated for serial 5 days, and
plasma concentration of anticonvulsants were
measured. Behavior was assessed 5 days before
treatment, 5 days under treatment and 5 days af-
ter treatment.
Phenobarbital and carbamazepine dosede-
pendently suppressed GTCS, while phenytoin
failed to inhibit GTCS. The antiepileptic profile of
3 drugs was different from that in other epileptic
model rats, such as spontaneously epileptic rat. It
is expected that IGER becomes a useful model for
studying limbic seizures, and evaluating the an-
tiepileptic effects of novel drugs.
Enhancement of granule cell division in the rat dentate
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Abstract: Mitogenic effects of epileptic seizures on granule cells in the dentate gyrus were studied using
bromodeoxyuridine (BrdU) labeling in two rat models of epilepsy induced either by kainic acid (KA) or by
kindling. Following the injection of KA, the number of BrdU-positive granule cells began to increase from 3
days after the treatment to reach a peak at 5 days. In the kindli ng model, daily electrical stimulation was
given to the perforant path. The number of BrdU-positive granule cells markedly increased from the fifth
subtle partial seizure before the complete development of generalized seizures. However, repeated general-
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ized seizures did not facilitate cell division of granule cells. These results indicate that a mechanism under-
lying development of epilepsy boosts the ability of dentate granule cells to divide. The division of dentate
granule cells early in the course of epilepsy may be associated in the reorganization of the hippocampal for-
mation.
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INTRODUCTION
Recent immunocytochemical studies have sug-
gested that the reorganization of dentate granule
cell axons, the mossy fibers, occurs in the epileptic
human hippocampus and in the animal models of
epilepsy. Mossy fiber collaterals have been pro-
posed to subserve recurrent excitation by forming
granule cell-granule cell synapses1). However, the
basis on the structural reorganization of the event
remains uncertain. The granule cells of the den-
tate gyrus represent one of a few neuronal popula-
tions that continues to produce neurons postna-
tally in the rodent brain. In most mammalian spe-
cies, neurons in the dent ate granule cell layer
continue to migrate, differentiate, and form axonal
connections in the postnatal period2). Thus, we hy-
pothesize that newly-generated granule cells may
also contribute to the reorganization of the hip-
pocampal formation in the course of epileptic sei-
zures, constituting a possible substrate of epilepto-
genicity. To evaluate this hypothesis, we exam-
ined whether the division of dentate granule cells
increases in the rats pretreated with KA or sub-
mitted to perforant path kindling.
MATERIALS AND METHODS
KA treatment; Adult male Sprague-Dawley
(SD) rats received a single intraperitoneal injection
of KA (12 mg/kg). Rats showing generalized lim-
bic seizures were examined in this study. Rats in-
jected with saline vehicle were used as control.
The animals were sacrificed at 1, 3, 5, 7, 10 and 13
days after the treatment. Electrical kindling;
Adult male SD rats were stereotaxically im-
planted with a bipolar electrode into the left per-
forant pathway near the angular bundle. Two
weeks after the implantation, the rats, in an unre-
strained awake state, received twice-a day (6 days
per week) kindling stimulation with a 2 sec train
of 60 Hz biphasic constant current with 1.0 msec
square wave pulses. Evoked behavioral seizures
were classified according to the standard crite-
rion3). These rats were sacrificed twenty-four
hours after each behavioral seizure stage. Sham-
operated rats were served as the control. BrdU
labeling procedure; Three hours before the sacri-
fice,the rats of both models of epilepsy received a
single intraperitonel injection of BrdU at a dose of
100 mg/kg to label mitotically active cell. The
BrdU positive cells were examined by immunocy-
tochemistry using antibody to BrdU and an avidin-
biotinylated peroxidase complex method. Double
immunostaining for BrdU antigen and one of cell
markers, including glial fibrially acidic protein
(GFAP; an astrocytic marker), a complement re-
ceptor CR3 (OX-42; a microglial marker) and cal-
bindin D28K (CaBP; a granule cell marker), was
performed.
RESULTS
Following the injection of kainic acid, the num-
ber of BrdU-labeled granule cells began to in-
crease from 3 days after the treatment to reach a
peak at 5 days. A progressive dispersion of labeled
cells was observed throughout the granule cell
layer of kainate-treated rats. The distribution was
Nakagawa et al. epilepsy-induced granule cell division
―４３―
substantially wider than that seen in controls (Fig.
1A). In the kindling model, daily electrical stimula-
tions were given to the perforant path. After the
fifth facial twitching (Stage ) seizures, BrdU-
positive granule cells markedly increased in num-
ber. However, repeated generalized seizures did
not facilitate division of dentate granule cells (Fig.
1B). The identity of BrdU-positive cells with the
dentate granule cells was confirmed by double im-
munohistochemical staining. CaBP, typically ob-
served in dentate gyrus granule cells4), was ex-
pressed by some BrdU-positive cells in the gran-
ule cell layer. Neither BrdU-labeled GFAP-nor CR3
receptor (OX-42)-immunoreactive cells were ob-
served in the subgraluar layer.
DISCUSSION
The present study showed that the mitogenic
activity of granule cells reached a maximal level
at 5 days following KA-induced status epilepticus.
In accordance, a recent study has reported that
pilocarpine-induced status epilepticus causes den-
tate granule cell division 5). It has also been shown
that the dentate granule cell division is regulated
by afferent input via N-methyl-D-aspartate recep-
tor activation6). Although it is likely that an in-
crease in cell proliferation is triggered by epileptic
seizures, it is stilll uncertain which developmental
stage of epilepsy elicites dentate granule cell divi-
sion in KA or pilocarpine models. In the kindling
model, the dentate granule cell division was not in-
duced at the stage of after discharges without
any seizures, but was triggered only at Stage 
seizure. Furthermore, the repeated generalized
seizures did not stimulate cell proliferation. These
results indicate that subtle epileptic seizures in
the early epileptic stage appear to boost the capa-
bility of dentate granule cells for neuronal cell di-
vision. Recent studies have revealed that mossy fi-
ber axons of granule cells in the dentate gyrus un-
dergo reorganization of their terminal projections
in both animal models of epilepsy and human epi-
lepsy. Neurogenesis in the dentate granule layer
seems to precede sprouting of mossy fibers in the
KA model of epilepsy7), and correlate temporally
with that in the kindling model8). Furthermore, ab-
errant mossy fiber sprouting has been reported in
early stages of seizures in the immature, structur-
ally intact, human hippocampus in a very early
postnatal period9). Therefore, it is probable that
neurogenesis of dentate granule cells may be
closely related to the occurrence of mossy fiber
sprouting in epilepsy. The causal relationship of
both remains to be elucidated. It is also suggested
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Fig. 1
1. BrdU labeled cells after KA treatment (A) or electrical kindling (B) . Single (p＜0.01) and double
asterisks (p＜0.001) indicate statistical significance (t-test).
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that newly-born granule cells could play a role in
the network reorganization in some forms of hu-
man temporal lobe epilepsy.
REFERENCES
１）Sutula T, He XX, Cavazos J, Scott G (1988)
Synaptic reorganization in the hippocampus
induced by abnormal functional activity. Sci-
ence 239: 1147‐1150.
２）Kaplan MS, Hinds JW (1977) Neurogenesis in
the adult rat: electron microscopic analysis of
light radioautographs. Science 197: 1092‐1094.
３）Racine RJ (1972) Modification of seizure activ-
ity by electrical stimulation: . motor seizure.
Electroencephalogr Clin Neurophysiol 32: 281‐
294.
４）Sloviter RS (1989) Calcium-binding protein
(calbindin-D28K) and parvalbumin immunocy-
tochemistry: localization in the rat hippocam-
pus with specific reference to the selective
vulnerability of hippocampal neurons to sei-
zure activity. J Comp Neurol 287: 183‐196.
５）Parent JM, Yu TW, Leibowitz RT, Geschwind
DH, Sloviter RS, Lowenstein DH (1997) Den-
tate granule cell neurogenesis is increased by
seizures and contributes to aberrant network
reorganization in the adult rat hippocampus.
J Neurosci 17: 3727‐3738.
６）Cameron HA, McEwen BS, Gould E (1995)
Regulation of adult neurogenesis by excita-
tory input and NMDA receptor activation in
the dentate gyrus. J Neurosci 15: 4687‐4692.
７）Yang Q, Wang S, Hamberger A, Haglid KG
(1996) Plasticity of granule cell-mossy fiber
system following kainic acid induced seizures:
an immunocytochemical study on neurofila-
ment proteins. Neurosci Res 26: 57‐64.
８）Cavazos JE, Golarai G, Sutula TP (1991) Mossy
fiber synaptic reorganization induced by kin-
dling: time course of development, progres-
sion, and permanence. J Neurosci 11: 2795‐
2803.
９）Mathern GW, Babb TL, Mischel PS, Vinters
HV, Pretorius JK, Leite JP, Peacock WJ (1996)
Childhood generalized and mesial temporal
epilepsies demonstrate different amounts and
patterns of hippocampal neuron loss and
























平井 久雄１），井上 卓郎１），黒川 清２），鈴木 文夫１）
１）滋賀医科大学脳神経外科，２）滋賀医科大学第二解剖学講座
Analysis of mRNA Expressions in Progressive Enlargement
of Granule Cells of Mouse Hippocampus.
Hisao HIRAI1), Takuro INOUE1), Kiyoshi KUROKAWA2), Fumio SUZUKI1)
１）Department of Neurosurgery, Shiga University of Medical Science
２）Second Department of Anatomy, Shiga University of Medical Science
Abstract: Injection of small volume of kainate into the dorsal hippocampus induced a progressive enlarge-
ment of dentate granule cells with a long-lasting significant overexpression of brain-derived neurotrophic
factor (BDNF). The enlargement and the overexpression continued for more than 16 weeks, and their
chronological correlations suggested the causal relationship between them. However, the treatment with
BDNF anti-sense oligonucleotide prevented the enlargement only when it was started less than 24 hours
and had no effect after then. These results indicated that BDNF gene can trigger the enlargement, but not
related to the ongoing process of the enlargement. Therefore, some other factors, which promoted the gran-
ule cell enlargement, were thought to exist. To find them, mRNAs expressed specifically in the enlarged
granule cells were examined by a newly employed method, suppression subtractive PCR of mRNA. Al-
though we cloned several cDNAs with this method, they did not have any significant homology to the re-
ported gene sequences. And these cDNA were not expressed specifically in the kainate-injected hippocam-
pus in in situ hybridization and Northern blotting. Non-specific gene amplification thought to occur due to
the multiple steps of this complicated technique. Recently, we changed the methods to mRNA differential
display. Preliminarily, we found different length of bands in electrophoresis between normal and enlarged
granule cells in differential display method , but, until now, we have not specified the mRNA related to this
phenomenon yet.
Key words: granule cell, enlargement, mRNA, suppression subtractive PCR, differential display
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題となる false positive が少ないと報告されてい





tive PCR 法を行った．この cDNAを cloning し，１）
sequencing を行い，Gene bank で照合した．２）こ
の cDNAをもとにDigoxigenin(DIG)-labeled RNA
probe を作成し，KA投与後４週目の脳切片にて in
















































ing, in situ hybridization 等を施行していく予定で
ある．
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Abstract: Although epilepsy is one of the most common and significant disorders of the central nervous sys-
tem, the mechanism of epileptic disorders is not fully understood. Recently, we developed an epileptic rat
mutant, Ihara's genetically epileptic rat (IGER) from inherited cataract rats (ICR). Detection of epileptic
genes in this mutant rat is expected to give a clue to the better understanding pathogenesis and patho-
physiology of human epileptic diseases. Chromosomal mapping of epileptic genes in this mutant by linkage
analysis was performed as a first step of the gene cloning.
The F1 and backcross progenies were produced by mating Izm substrain of Wiatar Kyoto rat females to
IGER males and backcrossing female F1 progeny to the IGER males. The phenotype of seizure in back-
crosses was identified by using automated seizure monitoring system. High-molecular-weight DNA was ex-
tracted from the tails and used for typing of 45 microsatellite loci. The linkage analysis study was per-
formed by computer soft-ware program GENE-LINK.
Out of 123 backcross progenies, 63 rats (51.2%) showed seizures and 60 rats showed no seizure. In 63 rats
with seizures, significant linkage relationships was recognized in 3 microsattelite loci ( D15Mgh2, D15Mgh3,
ETB ) on Chr. 15.
Further investigation is needed to map the epileptic genes in more detail.












遺伝性てんかんラット (Ihara's genetically epilep-
tic rat: IGER)１－３）は，遺伝的に白内障を発症する In-
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Microdysgenesis of Hippocampus of Ihara's Genetically Epileptic Rat
(IGER): Differentiation of Hereditary Lesion from Acquired Lesion
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Abstract: Ihara's genetically epileptic rat (IGER) was a mutant with genetically scheduled spontaneous con-
valsions, mimicking human limbic seizures. By the automatic seizure-minitoring system, the seizures were
classified into three types as follows: abnormal behaviors, abnormal circling seizures and generalized tonic-
clonic convulsions. Histopathological investigation of this epileptic mutant was performed in oder to differ-
entiate hereditary lesions from aquired ones in the hippocampal formation.
Two manths-old IGERs which had experienced no apparent seizures yet, and 12 nonths-old IGERs with
seizure activities, abnormal behaviors, abnormal circling seizures and generalized toninc-clonic conrulsions,
were subjected for the study. Five animals of both sexes in each group were used. The brains removed af-
ter perfusion fixation with 4% formaldehyde were serially sliced in 30 micrometer with freezing microtome.
Then the hippocampal regions were investigated employing Nissl staining. For the control studies, age-
matched Wistar rats were used. In IGERs, abnormal neuronal cluster formation and disarrangement of py-
ramidal cells were found in the region between st. radiatum and st. lacunosum moleculare, and in the CA1
and CA3 area, respectively. In additon to these two lesions, waving pattern of dentate gyrus and enlarge-
ment of hippocampus were also detected in 12 months-old IGERs of all three groups, but not in 2-months
old rats. The degrees of the later two lesions seemed to be more remarkable in the rats with severer form
of epileptic seizures. No such changes were found in the brains of control animals.
From these results, it was concluded that abnormal neuronal cluster formation and disarrangement of py-
ramidal cells were genetically programmed phenotype, neuronal microdysgenesis, on the other hand, wav-
ing pattern of dentate gyrus and enlargement of hippocampus were not hereditary, but acquired lesions af-
ter epileptic activities. Neuronal microdysgenesis seems to ba a useful phenotype for chromosomal mapping
and gene cloning searching for the epilepsy related-genes.







































diatumと St.lacunosum moleculare の境界部分に，
神経細胞の異常な集簇（neuronal cluster）（図１）
と，CA1から CA3（主にCA1）の錐体細胞層の配





図１ Abnormal neuronal clusters in the region be-
tween stratum radiatum and stratum lacunosum
moleculare of the hippocampus of IGER.
図２ Disarrangement of pyramidal cell of the hip-
pocampus of IGER.
図３ Waving formation of dentate gyrus and hy-
pertrophy of hippocampus of IGER
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